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(57) ABSTRACT

A method for maintaining and/or increasing body tempera-
ture of a patient may involve delivering heat to a first
location on a limb of the patient, delivering heat to a second
location on the limb, apart from the first location, and
applying intermittent compression to a third location on the
limb, located between the first location and the second
location. A device for maintaining and/or increasing body
temperature of a patient may 1nclude a sleeve for positioning
over at least part of one of the patient’s limbs, first and
second heat delivery members coupled with the sleeve, and
an intermittent compression member coupled with the sleeve
between the first and second heat delivery members.
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METHOD AND SYSTEM FOR REGULATING
CORE BODY TEMPERATURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application Ser. No. 61/776,791, entitled “Method and

System for Regulating Core Body Temperature,” which was
filed on Mar. 12, 2013. The above-referenced provisional
patent application i1s hereby incorporated into the present
application 1n 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND
DEVELOPMENT

This imnvention was made with Government support under
contract TRO0O1085 awarded by the National Institutes of
Health. The Government has certain rights 1n the invention.

FIELD OF INVENTION

The present application relates to medical devices and
methods. More specifically, the application relates to meth-
ods, devices and systems for regulating body temperature of
a mammal.

BACKGROUND

Each year, over 60 million surgical procedures are per-
formed 1n the United States. While great care 1s taken to
prevent surgical complications, one overlooked and under-
addressed problem 1s the risk of developing hypothermia
betfore, during or after surgery (referred to as “inadvertent
perioperative hypothermia” or “IPH”). Patient temperatures
can drop precipitously during surgery, due to the effects of
general anesthesia, lack of msulating clothing, and exposure
to cold operating room temperatures. Even with today’s
standard of care, 30-50% of surgical patients will develop
hypothermia.

Hypothermia often causes much more than patient dis-
comiort. Patients who suiler even mild hypothermia are at
significantly elevated risk for developing surgical site infec-
tions, cardiac morbidities, and other complications.
Together, these sigmificantly increase recovery time and
overall length of hospaital stay, leading to increased costs for
all parties. By some estimates, unmanaged risk for IPH 1s a
$15 billion problem in the United States alone, and vet is
largely overlooked.

Perioperative heat loss occurs predominantly via convec-
tive heat transter, particularly through the palms of the hands
and soles of the feet. During preoperative care, patients are
dressed solely 1n a gown and are often exposed to cold
waiting arcas with little insulation. Therefore, although
patients are only anesthetized during surgery, patients often
arrive to the surgical theater already slightly hypothermic.
This puts a patient under greater risk for developing hypo-
thermia once anesthesia has been administered. Postopera-
tive drops 1n core temperature increase the likelthood of
developing additional morbidities, such as morbid cardiac
outcomes, surgical site infections, and blood loss, any of
which typically prolongs recovery and hospitalization.

Patients undergoing surgery are very likely to develop
hypothermia during the surgical procedure 1tself, especially
when the procedure mvolves their core area, such as pro-
cedures 1nvolving the thoracic, abdominal, and pelvic
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regions. Surgeries of the core mvolve the exposure of vital
internal organs to the cooler environment and thus carry a
greater risk of hypothermia. Furthermore, core surgeries
often necessitate the uncovering of the trunk and chest,
which render blankets and many other existing interventions
inadequate. Once 1n the operating room, patients are naked
and exposed to a room temperature well below 36 degrees
Celsius and to cold liquids used to wash the surgical site
during sterilization preparation. At the onset of surgery,
delivered anesthetics immediately impair the normal auto-
nomic thermoregulatory controls. Colder blood 1s trans-
terred from the peripheries of the body to the core through
a phenomenon known as redistributive hypothermia. Vaso-
dilatation and reduction 1in muscle tone cause a significant
drop 1n core temperature within the first haltf-hour of surgery.

The development of IPH 1s strongly correlated with a
multitude of physiological organ system changes, impacting
the cardiovascular, respiratory, neurologic, immunologic,
hematologic, drug metabolic, and wound healing mecha-
nisms. The incidence of several post-surgical complications
1s increased due to even mild hypothermia. Intraoperatively,
hypothermia can cause a decrease i1n cardiac output and
heart rate, which can lead to ventricular dysrhythmias.
Platelet functions become impaired and there 1s a decrease
in coagulation factors, which leads to greater intraoperative
bleeding and blood loss. Impaired immune functions
increase the rate of surgical site infections. Hypothermia 1s
associated with a four-fold increase 1n surgical would mfec-
tion and twice as many morbid cardiac events. These com-
plications and others are supported in multiple studies and
result 1 both clinical and economic burdens.

Overall, compared to non-hypothermic patients, those
who sufler IPH experience greater rates of surgical site
infections, bleeding, cardiac complications which may
require additional monitoring, PACU length of stay, total
length of stay, and subjective discomiort. Although it is
counterintuitive, the likelihood of developing hypothermia
in an open versus laparoscopic surgery 1s similar across
various types of procedures, most likely attributable to the
fact that most laparoscopic procedures are significantly
longer when compared to their open surgery counterpart.

Current methods of preventing hypothermia are not com-
pletely eflective. Even with the current interventions, up to
46% of patients are reported to be hypothermic at the start
of surgery and 33% are hypothermic upon arrival to the
PACU. Assuming the cost savings for maintaining normo-
thermia in one patient is approximately $5,000 per patient,
and approximately 30% of the 17 million high-risk surgical
patients are hypothermic, a system-wide cost savings of $15
billion will be realized by keeping these patients normother-
mic. With rising healthcare costs and recent initiatives by
CMS mandating the maintenance of perioperative normo-
thermia, hospital administrators nationally are in need of
new, ellicacious and cost-eflective devices to address peri-
operative hypothermia, a product space which has seen Iittle
innovation since the introduction of the forced air warming
blanket nearly three decades ago.

Currently available devices for perioperative warming are
primarily forced air warming blankets. In particular, the Bair
Hugger™ device (Arizant Healthcare, Inc.) 1s the most
commonly used technology and 1s used 1n 85% of U.S.
hospitals. Newer alternatives include high-heat transier con-
duction heating blankets and intraoperative hand warming
devices. Although these devices are somewhat eflective,
they all have several key shortcomings: (1) They are cum-
bersome, and thus compliance and correct usage 1s low; (2)
Warming 1n the intraoperative period alone 1s significantly
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less effective than warming preoperatively and intraopera-
tively; and (3) Devices that heat via the core of body are

ineflective during surgeries of that anatomical area. Cur-
rently available devices are often not used or not practical
for use 1n preoperative warming for one or more of the
tollowing reasons: (1) They immobilize the upper limbs; (2)
They are cumbersome—=e.g., they float on the patient and get
blown off during implementation and transport and they
require large, predominantly tfloor-based blowers that are not
mobile; (3) They are not attached to the patient and become
dislodged during transport and obstruct the bed and other
monitors and devices; and/or (4) They require a conscious
administrative decision to implement. This has been shown
to take up to 30 minutes to deploy eflectively in climical
studies. A busy and stressed preoperative nurse cannot atfford
this time.

Additionally, currently available patient warming devices
are olten not used for any of the above reasons and/or any
of the following reasons: (1) Fear of contaminating surgical
fiecld—e.g., forced air methods can blow bacteria containing
air onto the surgical field; (2) Forced air blankets get in the
way—e.g., to warm the core, they need to be 1n contact with
the core; and/or (3) Operating room stail may turn down the
temperature on the device due to their own comiort—e.g.,
operating room stail turns down the patient’s forced air due
to air escape heating the surrounding staif.

Therefore, 1t would be advantageous to have improved
methods and systems for maintaining a patient’s core body
temperature before, during and/or after surgery. Ideally, such
methods and systems would be easy to set up and use,
unobtrusive and eflective. Also 1deally, such methods and
systems would be suitable for use before, during and after a
surgical procedure and would be acceptable to the patient
while awake 1n the preoperative and postoperative settings.
At least some of these objectives will be met by the
embodiments described herein.

[l

BRIEF SUMMARY

Devices, systems and methods described herein are
directed toward delivering thermal energy and/or blood tlow
regulating therapy to a patient to help regulate body tem-
perature. In many embodiments, a device, system and
method mvolves delivering both thermal energy and blood
flow regulating therapy to the body. Blood flow regulation 1s
typically used in the systems, devices and methods
described herein to help return blood to the core of the body
from one or more extremities. This blood flow regulation
therapy may be accomplished in a number of different ways,
such as but not limited to intermittent compression and/or
electrical stimulation. In some embodiments, a device 1s
applied to a lower or upper limb, and the device delivers heat
to at least one area and blood flow regulation therapy to at
least one area on the lower limb. In one specific embodi-
ment, for example, a body temperature regulation device
may deliver heat to two different areas on a limb and
intermittent compression near the one or both of the two
areas. In one specific embodiment, heat 1s delivered to the
popliteal fossa (posterior aspect of the knee) and sole of the
foot, and intermittent compression 1s delivered to an area
between the popliteal fossa and the foot.

In one aspect, a method for maintaiming or increasing
body temperature of a patient may involve delivering heat to
a first location on a limb of the patient, delivering heat to a
second location on the limb, apart {from the first location, and
applying intermittent compression to a third location on the
limb, located between the first location and the second
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location. In some embodiments, the limb 1s a lower limb, the
first location 1s a popliteal fossa of the lower limb, and the
second location 1s a sole of a foot of the lower limb. In some
embodiments, the heat 1s delivered and the compression 1s
applied to both lower limbs of the patient. In some embodi-
ments, the heat and compression may be delivered and
applied to the first, second and third locations at the same
time. Alternatively, the heat and compression may be deliv-
ered and applied to the first, second and third locations at
least two diflerent starting times and/or for at least two
different lengths of time.

In some embodiments, the heat delivery and compression
application steps are performed by one device having heat
delivery and itermittent compression capabilities. In alter-
native embodiments, the heat delivery and compression
application steps may be performed by multiple devices.
Optionally, these multiple devices may be connected to a
common control unit configured to control operation of the
multiple devices.

The method may optionally further involve adjusting
positioning of at least a portion of at least one of a heat
delivery device or a compression device on the limb to
change at least one of the first location, the second location
or the third location. In various embodiments, the heat may
be delivered 1in the form of ultrasound, electrical, mechani-
cal, chemical, radiative and/or convective energy. In various
embodiments, applying intermittent compression may
involve applying electrical stimulation, mechanical com-
pression and/or acupuncture.

In some embodiments, the method may further involve
measuring a temperature of the patient, a temperature of a
heat delivery device and/or an amount of compression
applied to the patient. Such a method embodiment may
optionally further involve adjusting at least one of the heat
delivery or the intermittent compression, based on the mea-
surement. The method may further involve, before the heat
delivery and compression application steps, placing a sleeve
over at least part of the limb, where the sleeve includes
heating and compression members. The method may also
optionally 1nvolve forming a vacuum between the sleeve and
the limb, before delivering the heat or applying the com-
pression.

In various embodiments, the heat delivery and compres-
sion application steps may be performed during a time
period before a surgical procedure i1s performed on the
patient, during performance of the surgical procedure on the
patient, and/or after performance of the surgical procedure
on the patient. In some embodiments, the method may be
performed on a patient who has a condition such as but not
limited to lymphedema, deep vein thrombosis, peripheral
artery disease, muscular conditions or disorders, or a height-
ened risk of any of these conditions.

In another aspect, a device for maintaining or 1ncreasing
body temperature of a patient may include a sleeve config-
ured for placement over at least a portion of a foot and a
portion of a leg of the patient, a first heat delivery member
coupled with the sleeve such that it 1s positioned over a
popliteal fossa of the patient when the sleeve 1s placed over
the leg, at least a second heat delivery member coupled with
the sleeve such that 1t 1s positioned over a sole of the foot
when the sleeve 1s placed over the foot, and at least one
intermittent compression member coupled with the sleeve
such that it 1s positioned in an area between the first and
second heat delivery members when the sleeve 1s placed
over the leg and the foot. In various embodiments, the heat
delivery members deliver energy 1 a form of ultrasound,
electrical, mechanical, chemical, radiative or convective
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energy. In some embodiments, the mtermittent compression
member comprises at least one expandable bladder. Alter-
natively, the mntermittent compression member may include
at least one pressure chamber.

Optionally, the device may also include a controller
coupled with the sleeve for controlling at least one of heat
delivery or compression application by the device. Such
embodiments may also optionally include least one tem-
perature sensor for sensing a temperature of the patient, and
a connection between the at least one temperature sensor and
the controller to provide sensed temperature data to the
controller. In some embodiments, the controller may 1include
a feedback loop configured to control the heat delivery
members and the compression member, based on the sensed
temperature data.

The sleeve may include multiple compartments, and the
heat delivery members and the imtermittent compression
members may be disposed in the compartments. In some
embodiments, at least one of the heat delivery members 1s
moveable relative to 1ts location on the sleeve to adjust its
location on the limb. Optionally, the intermittent compres-
sion member may also be moveable relative to its location
on the sleeve to adjust 1ts location on the limb. The first heat
delivery member, the second heat delivery member and/or
the intermittent compression member may be longitudinally
moveable relative to the other members along the sleeve to
adjust locations of the members relative to one another, 1n
some embodiments.

The device may also include a wicking material on an
inner surface of at least part of the sleeve to help wick
moisture away from skin of the limb. The device may also
include a suction device coupled with the sleeve to provide
a vacuum between an inner surface of the sleeve and the
limb. The device may also include an adhesive on at least a
portion ol an 1nner surface of the sleeve to provide adhesion
between the mner surface and skin of the limb. All of these
are optional features, which may be included on various
embodiments.

In another aspect, a system for maintaining or increasing,
a body temperature of a patient may include: a first heat
delivery member configured for positioning over a popliteal
fossa of a lower limb of the patient; at least a second heat

delivery member configured for positioning over a sole of

the foot of the lower limb; at least one intermittent com-
pression member configured for positioning on the lower
limb between the popliteal fossa and the foot of the limb; at
least one heat source couplable with the first and second heat
delivery members; and at least one compression source
couplable with the at least one intermittent compression
member. Optionally, the system may also include a sleeve
configured for placement over at least a portion of the lower
limb, including at least a portion of the foot and the popliteal
tossa, where the first heat delivery member, the second heat
delivery member and the intermittent compression member
are coupled with the sleeve.

The system may also include at least one connector for
connecting the heat source with the first and second heat
delivery members and for connecting the compression
source with the at least one compression member. For
example, the at least one connector may comprise multiple
connectors joined together along at least a portion of their
lengths. In some embodiments, the system may also include
a controller coupled with the at least one heat source and the

at least one compression source, for controlling delivery of

heat and application of compression to the leg and the foot.
In some embodiments, the controller, the at least one heat
source and the at least one compression source are housed 1n

5

10

15

20

25

30

35

40

45

50

55

60

65

6

one, combination device. In some embodiments, the com-
bination device may be configured to attach to a side of a
bed. Optionally, the system may further include at least one
temperature sensor for sensing a temperature of the patient
and at least one connector connecting the at least one
temperature sensor to the controller, so that the sensed
temperature can be conveyed to the controller.

These and other aspects and embodiments will be
described 1n further detail below, in references to the
attached drawing figures.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagrammatic representation of a body tem-
perature regulation system, according to one embodiment;

FIG. 2 1s a diagrammatic representation of a body tem-
perature regulating system, according to an alternative
embodiment;

FIGS. 3A and 3B are perspective and posterior views,
respectively, of a lower limb of a human with a body
temperature regulation system 1n place on the lower limb,
according to one embodiment;

FIGS. 4A and 4B are perspective and posterior views,
respectively, of a lower limb of a human with a body
temperature regulation system 1n place on the lower limb,
according to an alternative embodiment;

FIG. 5 15 a perspective view of a lower limb of a human
with a body temperature regulation system in place on the
lower limb, according to another alternative embodiment;

FIG. 6 15 a perspective view of a lower limb of a human
with a body temperature regulation system in place on the
lower limb, according to another alternative embodiment;

FIG. 7 1s a perspective view of a lower limb of a human
with a body temperature regulation system in place on the
lower limb, according to another alternative embodiment;

FIG. 8 1s a posterior view of a lower limb showing another
alternative embodiment of a body temperature regulating
system;

FIG. 9 1s a posterior view of a lower limb showing another
alternative embodiment of a body temperature regulating
system:

FIG. 10 1llustrates one embodiment of a foot-positioned
component of a body temperature regulation system;

FIG. 11 illustrates an alternative embodiment of a foot-
positioned component ol a body temperature regulation
system;

FIGS. 12-15 are bottom views of a sole of a foot,
illustrating various alternative embodiments of a foot-posi-
tioned component of a body temperature regulating system;
and

FIGS. 16A and 16B are bottom views of a sole of a foot,
illustrating another alternative embodiment of a foot-posi-
tioned component of a body temperature regulating system.

DETAILED DESCRIPTION

The following disclosure describes various embodiments
of a method, device and system for regulating body tem-
perature of a mammal. The various embodiments generally
combine delivery of heat with delivery of blood flow regu-
lation therapy to increase and/or maintain body temperature.
Although the blood flow regulation therapy most described
below 1s itermittent compression, in alternative embodi-
ments, diflerent types of blood flow regulation therapy may
be used, such as electrical stimulation. The embodiments are
typically, though not necessarily, configured for use on a
limb of a patient. Although the following descriptions focus
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primarily on use of the methods, devices and systems on a
lower limb (i1.e., leg and foot) of a human patient, 1n
alternative embodiments, the methods, devices and systems
may be used on an upper limb, on a lower limb and upper
limb, on two lower or two upper limbs or any other
combination. In still further embodiments, methods, devices
and systems may be alternatively or additionally used on a
torso or other anatomical region of a patient. Additionally,
although the embodiments are generally described for use 1n
delivering heat to maintain and/or increase body tempera-
ture, alternative embodiments may be used for cooling the
body.

FIGS. 1 and 2 are diagrammatic depictions of two
embodiments of a body temperature regulating system.
Referring now to FIG. 1, in one embodiment, a body
temperature regulating system 100 may include a body
interface member 101, a blood flow regulation member 102,
a thermal energy transier member 103, a connector 104 and
a central unit 107. Each of these components of system 100
may be single components or multiple components, accord-
ing to various embodiments. For example, body interface
member 101 may be one sleeve that fits over a limb or
multiple sleeves, according to alternative embodiments.
Blood flow regulation member 102 may be one heat delivery
device or multiple heat delivery devices, according to alter-
native embodiments. The same 1s true of the other compo-
nents. Therefore, although each component is referred to
herein 1n the singular, each may actually mclude multiple
devices, components, parts or the like.

Body interface member 101 is configured to attach to a
patient and to contain or otherwise attach to blood flow
regulation member 102 and thermal energy transter member
103. All of these features will be described 1n further detail
below. In general, in some embodiments, body interface
member 101 may include one or more sleeves that {it over
at least a portion of a lower limb (or upper limb 1n alternative
embodiments). Blood flow regulation member 102 may
include one or more compression members for delivering
compression to a portion of the body with which 1t comes
into contact. In some embodiments, this compression 1s
delivered intermittently. Thermal energy transier member
103 may include one or more heat delivery members for
delivering heat to one or more areas of the limb. In one
embodiment, for example, body interface member 101 may
{it over a portion of the lower limb, including at least part of
the popliteal fossa, at least part of the sole of the foot, and
an area between the two. Thermal energy transier member
103 may include a heat delivery member at the popliteal
fossa and another heat delivery member at the sole of the
foot. Blood flow regulation member 102 may include one
intermittent compression member attached to body interface
member 101 1n a location between the two heat delivery
members of thermal energy transier member 103. This 1s
only one example, however, and many alternatives are
possible.

Connector 104 may include any suitable connector or
combination of connectors for transierring any combination
of thermal energy, electrical power, a fluid, data and/or the
like between body interface member 101 and central unit
107. Central unit 107 may include, for example, a source of
thermal energy, a source of compression force, or both.
Intermittent compression may be delivered 1n the form of air
that inflates a bladder of blood flow regulation member 102,
for example. In some embodiments, central unit 107 may
include two or more separate devices, such as a thermal
energy source and a separate source of compression force. In
alternative embodiments, central unit 107 may be only one
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device. In alternative embodiments, system 100 may include
only thermal energy transter member 103, only blood tlow
regulation member 102, or any combination of components.

With reference now to FIG. 2, an alternate embodiment of
a body temperature regulating system 110 may include a
body mterface member 111, a blood flow regulation member
112, a thermal energy transier member 113, a connector 114
and a central unit 117, as described 1n relation to the
embodiment above. Additionally, system 110 may include a
control unit 118 and a sensor 119. Sensor 119, for example,
may sense a patient’s body temperature, the temperature of
a heat delivery member, and/or the like. Any suitable tem-
perature sensor may be used, and any suitable number of
sensors may be attached to interface member 111, for
example. Control unit 118 may be coupled with, and may
recetve sensed information from, sensor 119. Control unit
118 may then transmit signals to central unit 117 to adjust
delivery of heat and/or compression to a patient, according
to the sensed temperature data from sensor 119. In many
embodiments, control unit 118 may be combined with
central umit 117 1n one device or “box.” For example, one
device or box may be used, in some embodiments, to (1)
deliver thermal energy, (2) deliver intermittent compression
force, and (3) control the delivery of thermal energy and
compression. In some embodiments, the same device or box
may also be used to receive sensed signals from one or more
sensors and use those signals as feedback for controlling the
delivery of thermal energy and compression. In other
embodiments, any one or more of these functions may be
performed by one or more separate devices.

FIGS. 1 and 2 are block diagrams, illustrating components
of two embodiments of a system 100, 110 for regulating
patient temperature. In alternative embodiments, compo-
nents may be added, removed or changed, and/or connec-
tions of the components may be altered. In some embodi-
ments, one component ol the system may be provided
separately as a device for use with another system or device.
Furthermore, 1n various embodiments, the system may be
placed on a single, multiple, or any combination of extremi-
ties of the body where peripheral blood tlow 1s present. The
word “extremities,” as used herein, refers to the arms, legs,
head and neck. As mentioned previously, 1n various embodi-
ments, the systems described herein may be applied to any
extremity, portion of an extremity or combination of mul-
tiple extremities. Alternative embodiments may be used with
other parts of a patient, such as the trunk. Therefore,
although the following description focuses on various
embodiments for use on one or both lower limbs of a patient,
these embodiments are provided only as examples.

Referring now to FIGS. 3A and 3B, perspective and
posterior views, respectively, of a portion of a human leg L
illustrate one embodiment of temperature regulation system
100 1n a position for use. Body interface member 101, 1n this
embodiment, includes multiple sleeves that fit over the leg
L. and foot of the patient, and that are attached via multiple
straps 105, such as Velcro straps. Thermal energy member
103 includes two heat delivery devices (each labeled 103),
which are attached to interface member 101 so as to be
located at the popliteal fossa (posterior portion of the knee)
and on a portion of the sole of the foot. Blood flow
regulation member 102 includes one intermittent compres-
sion delivery device attached to interface member 101 so as
to be located between the two thermal energy members 103.
Central unit 107 1s connected to the rest of system 100 via
connector 104, to provide thermal energy delivery and
compression force delivery. In FIG. 3, connector 104 1s
illustrated for simplicity as one connector 104. However, 1n
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embodiments like the one shown, where there are three
separate body interface members 101 and thus three separate
components to provide thermal energy and compression,
three connectors 104 would actually be connected to central
unit 107 to provide thermal energy and compression to the
three separate components.

In use, thermal energy 1s transierred from thermal energy
transier members 103 through the tissue to the peripheral
arterial and venous blood. Alternately, the energy transfer
may tlow in the opposite direction, from the peripheral blood
through the tissue to the thermal energy transier members
103 (e.g., to reduce body temperature). Through the transfer
of thermal energy in the peripheral blood, the core body
temperature may be regulated as the peripheral blood returns
to the core. Locating thermal energy transfer members 103
in locations on the body where thermal energy transier to the
peripheral blood 1s most eflicient can improve the efliciency
the system. This allows for suflicient thermal energy transfer
while minimizing the body surface area required for device
coverage. In various alternative embodiments, locations for
positioning thermal energy transfer members 103 may
include the entire extremity or may be limited to the
popliteal fossa, sole of the foot, ankle, groin, palm of the
hand, wrist, armpit, neck, head, or any portion(s) or com-
bination(s) of these locations.

The various embodiments of systems and methods for the
transier of thermal energy to the body described herein may
include any means of introducing or extracting thermal
energy. Specific examples of thermal energy introduction
include electrical energy, electromagnetic energy including
light, lasers, radiation, or induction, convective transier
through a liquid such as air or water, chemical energy such
as from an exothermic chemical reaction, acoustic energy
such as ultrasound or high-intensity focused ultrasound
(HIFU), mechanical energy such as vibration, or any other
energy transier method/system now known or discovered 1n
the future. Additionally, in some embodiments, the systems
and methods may induce physiological thermal production
through an increase 1n metabolism and/or by stimulating
physiological responses from blunt or sharp trauma. Ther-
mal energy may be efliciently extracted from the body
through the use of a heat sink or heat sinking materials, or
by the application of cold media to the body.

In various embodiments, body interface member 101
(multiple pieces 1n the embodiment of FIGS. 3A and 3B)
may be made of any suitable material. Ideally, such material
will be breathable and/or repel moisture. Some examples of
materials may include, but are not limited to, polyethylene,
polyvinyl chlornide, or other polyesters, either woven or
non-woven. In some embodiments, the regulation of core
body temperature via thermal energy transfer members 103
may be enhanced through the modulation of peripheral
blood tlow via one or more blood flow regulation members
102. Blood flow regulation member 102, which in the
pictured embodiment comprises an intermittent compression
device, may be a part of system 100 applied to the leg L or
other extremity. By regulating the venous return of the
peripheries 1in which thermal energy has been transferred,
system 100 can enhance 1ts thermal regulation of the body
core. This can increase the etfhiciency of system 100 and
allow for regulation of the core body temperature with a
smaller, less intrusive system located on the extremities of
the body.

As just mentioned, blood flow regulation member(s) 102
may provide for the application of force or compression to
the muscles of the extremity in order to enhance the venous
return. In some embodiments, blood flow regulation
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member(s) 102 include intermittent compression devices,
such as air bladders with compartments that fill and empty
repeatedly to squeeze the body tissue. As this type of air
bladder intermittent compression device 1s well known
currently, 1t will not be described turther here. However, any
such currently known intermittent compression bladder
device or any such device developed in the future may be
used 1n various embodiments of system 100.

In various alternative embodiments, blood flow regulation
member(s) 102 may include sequential compression
devices, mechanical squeezing or force application through
tightening of a sleeve around the extremity, mechanical
alteration or stretching of skin, delivery of one or more
pharmacological agents, or a combination thereof. Any of
these embodiments may include one or multiple chambers
filled with a fluid, such as air, water, or a high specific heat
gas or liqud. Blood flow regulation member(s) 102 that
provide for application of force may be intermittent or
continuous. Intermittent compressive force may include
sequential application, including random or patterned appli-
cation or wave application, including sinusoidal, square,
forward and/or reverse wave patterns.

In alternative embodiments, blood flow regulation may
additionally or alternatively involve causing local vasodila-
tion, and blood tlow regulation member(s) 102 may include
one or more devices designed to promote vasodilation.
Blood tflow regulation member(s) 102 for promoting local
vasodilation may act through a metabolite, a hormone, or the
nervous system, creating hypoxia, or the application of a
vacuum, for example. In other alternative embodiments,
blood flow regulation may additionally or alternatively
involve promoting muscle contraction. Such methods may
include active stimulation such as electrical muscle stimu-
lation or acting on the peripheral nervous system. Alterna-
tively, methods may include passive contraction through
pharmacological means or through applied movement to the
extremity.

With continued reference to FIG. 3, system 100 may be
applied to the body (leg L or other extremity) by way of
body interface member 101, which may include one or more
housings and/or one or more sleeves. Interface member 101
1s generally configured to provide stability, comiort, and
case ol motion for ambulatory patients, as well as proper {it
and 1nterface between system 100 and the body. This helps
ensure proper function of other components 1n system 100,
including thermal energy transier member 103 and blood
flow regulation member 102. Interface member 101 may
include and enclose body worn electronics for a mobile and
wireless system, including but not limited to a power source,
circuit board, sensors such as temperature and pressure,
and/or wireless communication devices. It may also include
pipes, tubing, one or multiple pumps, heating elements,
cloth, and/or other components. Body interface member 101
may include a sleeve, blanket, wrap, patch and/or the like.
Proper {it and function may be ensured through the use of
adhesives or stickers. Additionally, body interface member
101 may 1nclude a portion, or multiple portions, that extend
internally into the patient, for example 1into a subdermal or
subcutaneous layer of the body. Body interface member 101
may be multi-layered, providing thermal or electrical 1nsu-
lation, thermal or electrical conduction, force application,
clectrical connection, or other features 1n different layers of
the interface. In various alternative embodiments, the com-
ponents of system 100 may be housed 1n a single or multiple
enclosures of body interface member 101, such as pockets.
The components of system 100 may directly contact the
patient’s skin in some embodiments, and alternatively there
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may be a layer of body interface member 101 between one
or more of the components and the skin, for example 11 one
or more components are housed in one or more pockets of
body imterface member 101. Also in various alternative
embodiments, body interface member 101 may be worn
directly on the skin surface or externally/outside of clothing.

Body interface member 101 may be attached to the
patient’s leg L or other extremity by any suitable means,
such as but not limited to one or more attachment members
coupled with interface member 101. In the embodiment
shown 1 FIG. 3, for example, multiple straps 1035 are used
as a means to ensure system 101 1s easy to apply, remains 1n
place during the working life, and 1s easy to remove when
necessary. System 100 may include straps or other attach-
ment means that use Velcro, magnets, string, ties, clips,
clastic bands and/or the like. System 100 also includes one
or more connectors 104, to transfer any combination of
thermal energy, electrical power, a fluid, and/or data between
body interface member 101 and central unit 107. For sim-
plicity of illustration, only one connector 104 1s illustrated in

FI1G. 3A. In FIG. 3B, three connectors 104 are shown—two

connectors 104q for delivering thermal energy to thermal
energy transier members 103, and one connector 1045 for
delivering compression force to blood flow regulation mem-
ber 102. In various embodiments, connectors 104a, 1045
may connect with one central unit 107 or with multiple
devices. Connectors 104 may also transmit sensed data from
one or more sensors 119 (not shown) on body interface unit
101 to central unit 107. For example, one or more tempera-
ture sensors may be coupled with body interface unit 101 to
sense body temperature. Central unit 107 may be body worn
on the patient 1n some embodiments or located separate from
the patient, as shown. Connectors 104 and central unit 107
may be separate for each device located on a different
extremity or combined for an entire system acting on one or
multiple extremities.

As discussed above 1n reference to FIG. 2, system 100
may include other components as well. These include but are

not limited to controller 118 and one or more sensors 119
(neither of which 1s shown in FIGS. 3A and 3B). Sensors

119, such as temperature sensors, may measure core, periph-
eral, skin, tissue, and/or blood temperatures. Information
transmitted from sensors 119 to controller 118 may be used
by controller to adjust system 100 to modulate thermal
energy transier. Additionally or alternatively, one or more
sensors 119 may be configured to determine blood flow, and
controller 118 may also use such blood tlow imnformation to
adjust system 100. Controller 118 may act in system 100 to
control the function and/or output of other components,
including but not limited to thermal energy transier mem-
bers 103 and/or blood flow regulation member 102. Con-
troller 118 may receive data and feedback from the compo-
nents 1t 1s controlling and may also receive data and
teedback from sensors 119.

Sensors 119 may provide for data acquisition to determine
the functionality and effects of system 100. Specifically,
such data may include, but 1s not limited to, temperature data
such as core, peripheral, skin, tissue, and/or blood tempera-
ture. This data may be provided to controller 118, thermal
energy transier member 103, a user interface internal or
external to system 100 (laptop computer, desktop computer,
or the like, for example), a data acquisition device internal
or external to system 100, another component or piece of
equipment internal or external to system 100, or any com-
bination of these. Similarly, other data may be acquired by
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sensors 119, including blood flow measurements, and uti-
lized 1n a similar manner to that described for temperature
SENsors.

Additionally, system 100 may include a user interface (not
shown) to provide a means 1n which a user can turn on or off
different components of system 100 or input settings such as
desired temperature and to allow system 100 to output data
to a user such as temperature or blood flow settings and/or
readings. System 100 may also provide feedback to the user
that may include alarms, data, information, or messages
given via a screen, light, sound, or tactile feedback. System
100 may additionally include communication equipment to
allow various system components to communicate in wired
or wireless fashion and/or to allow communication between
system 100 and other, external devices or systems, including
hospital equipment, computers, printers, etc. System 100
may also include a power source, which in some embodi-
ments may be coupled directly with another component of
system 100 and worn by the patient, thus not requiring
attachment to any power outlet. Such a power source may
include one or multiple batteries, for example. System 100
may also include the ability to switch between battery and
outlet power to allow for mobile and ambulatory use.
System 100 may also utilize other sources of power, such as
but not limited to power from the building supply or wireless
power such as inductive power, solar, or power derived from
mechanical movement.

In various alternative embodiments, system 100 may
include any suitable combination of the components
described above. In some embodiments, in fact, one single
component may be provided as a device, which may be
coupled with and used with system 100 or some other,
alternative system. Specifically, various embodiments of
system 100 may include one or more thermal energy transier
members 103 only, one or more blood flow regulation
members 102 only, a combination of thermal energy transier
member(s) 103 and blood tlow regulation member(s) 102
components as part of the same system, a combination of
thermal energy transter member(s) 103 and blood flow
regulation member(s) 102 as part of separate devices, ther-
mal energy transfer member(s) 103 used 1n conjunction with
other existing devices, including those meant to regulate
blood flow, or any other combination of the components
described herein. These may include a device consisting of
one or multiple thermal energy transifer members 103 that
can be worn with existing deep vein thrombosis (DVT)
prophylaxis devices, such as compression socks or sequen-
t1al compression devices (SCD) or similar devices for other
conditions. Therefore, the descriptions of embodiments
herein as “devices” and/or “systems” should not be inter-
preted as limiting the scope of the invention due to any
particular use of the terms “device” and “system.”

Referring now to FIGS. 4A and 4B, in an alternative
embodiment, a body temperature regulation system 110 may
include all the same components as described 1n relation to
the previous embodiment, except that a body interface
member 111 may be one, continuous sleeve, rather than
multiple sleeves. Such a sleeve/interface member 111 may
be pulled on over the foot and up onto the leg L, like a long
sock. Such an interface member 111 may be made of any
suitable material. Ideally, such material will be breathable
and/or repel moisture. Some examples of materials may
include, but are not limited to, polyethylene, polyvinyl
chloride, Neoprene, elastic, nylon, Spandex, other polyes-
ters, combinations of any of these materials or the like.
Interface member 111 may also be either woven or non-
woven. Straps 115, such as Velcro straps, may be used to
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turther secure interface member 111 with the skin. Coupled
with interface member 111 are thermal energy transier
members 113, blood flow regulation member(s) 112, con-
nector 114 and central unit 117. Although multiple connec-
tors 114a and 1144 are illustrated in FIG. 4B, 1n one

embodiment these connectors 114a, 1145 may be combined
into one connector 114, as illustrated in FIG. 4A. In such a
one-connector embodiment, thermal energy and/or compres-
sion force or other blood flow regulation energy may be
transierred through body interface member 111 to the vari-
ous components. Not shown, but optionally included 1n
system 110, may be a controller 118 and one or more sensors
119.

In any of the embodiments described herein, thermal
energy transmission member 113 may include two heat
delivery members, one configured for positioning over at
least part of the popliteal fossa and one configured for
positioning over at least part of the sole of the foot. Alter-
native embodiments may include fewer or more thermal
energy transmission members 113, and these embodiments
may be configured for positioning on other anatomical
locations on the patient. Regulating temperature at the
popliteal fossa and sole of the foot, however, may be a very
cellective and eflicient way to regulate a patient’s body
temperature. In these embodiments, blood flow regulation
member 112 may be one itermittent compression delivery
member, configured for positioning on the patient’s lower
limb between the two thermal energy transmission members
113 on the foot and the popliteal fossa. For example, blood
flow regulation member 112 may be positioned on the calf.
This combination of thermal energy delivery to the popliteal
fossa and sole of the foot, along with mtermittent compres-
sion delivery to the callf, may be a very eflective way to
increase and/or maintain a patient’s body temperature and
thus prevent inadvertent perioperative hypothermia.

The embodiment of FIG. 4 may have a number of
advantages over an embodiment having a multi-piece body
interface member. For example, 1t may be easier to apply and
remove one body interface member 111, as compared to
multiple members. Additionally, 1t 1s possible to use only
one connector 114 1n such an embodiment, since thermal
energy and/or intermittent compression force may be trans-
terred through body interface member 111 to thermal energy
transfer member(s) 113 and blood flow regulation
member(s) 112. On the other hand, in some cases 1t may be
advantageous to have several, separate body interface mem-
bers 101 (FIG. 3), with separate components attached to
cach. For example, 1t may be easier to apply and remove
smaller, separate body interface members 101. In some
cases, 1t may be desirable to use only a subset of the separate
components, either by themselves or 1n conjunction with
another device, such as a currently available intermittent
compression or heat delivery device. Therefore, various
different embodiments may be advantageous in different
circumstances.

With reference now to FIG. 5, another alternative embodi-
ment of a body temperature regulation system 120 may
include two body interface members 121, each of which 1s
coupled with one or more thermal energy transfer members
123 and 1s secured to the patient via one or more straps 125.
Thermal energy transier members 123 are housed in sepa-
rate body interface members 121—one for the popliteal
fossa and one for the sole of the foot and ankle. These
components may be used together, separately, or with and
other components herein. Obviously, system 120 1s not
illustrated with any connectors or central units, but these
may be provided as part of system 120 or may be part of
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another system with which system 120 may be used. In one
embodiment, system 120 illustrated 1n FIG. § may be the
same as system 100 illustrated in FIG. 3, except without
blood tlow regulation member 102.

Referring now to FIG. 6, in another alternative embodi-
ment, a body temperature regulation system 130 may
include a thermal energy transier sock 131, coupled with a
connector 134 and attached to the lower limb via a strap 135.
Connector 134, of course, may be coupled with a central

unit, controller, or combined central unit/controller, as
described above but not illustrated here. In this embodiment,
system 130 does not include a blood flow regulation mem-
ber. However, sock 131 may be combined with a blood flow
regulation members, such as an intermittent compression
device, 1n some embodiments. For example, a compression
device may be applied over sock 131 in some embodiments.
Sock 131 may be made of any suitable material, such as but
not limited to those listed above in reference to the various
embodiments of body interface members.

With reference to FIG. 7, vet another alternative embodi-
ment ol a body temperature regulation system 140 may
include a body interface member 141 attached to the limb
via one or more straps 145, multiple thermal energy transier
members 143, and multiple blood flow regulation members
142. In this embodiment, multiple thermal energy transfer
members 143 are positioned on the sole of the foot and
behind the ankle, and another thermal energy transfer mem-
ber 143 1s positioned at the popliteal fossa. Blood flow
regulation members 142 are configured as strips, and each
strip houses one or more electrodes, which are used to
stimulate tissue and promote muscle contraction. These
clectrode strips are positioned both above and below the
popliteal fossa, although in alternative embodiments only
one set of strips 1n one location may be used.

FIG. 8 1s a posterior view of a lower limb showing another
alternative embodiment of a body temperature regulating
system 150. In this embodiment, system 150 includes a body
interface member 151 that fits over most or all of the lower
limb, blood flow regulation member 152 comprising two
strips of electrodes, a thermal energy transfer member 153
comprising two heat transfer elements, and a connector 154.
Various features, details and alternatives described above 1n
relation to other embodiments may be applied to this
embodiment as appropriate.

FIG. 9 1s a posterior view of a lower limb showing another
alternative embodiment of a body temperature regulating
system 160. In this embodiment, system 160 includes a body
interface member 161 that fits over most or all of the lower
limb and that acts as a thermal energy transfer member 163,
similar to (or 1dentical to) the embodiment described above
as a heat transfer sock. System 160 also includes a blood
flow regulation member 162 comprising three strips of
clectrodes, a first connector 164a leading to thermal energy
transfer member 163, and a second set of connectors 16454
leading to blood flow regulation members 162. Various
features, details and alternatives described above 1n relation
to other embodiments may be applied to this embodiment as
appropriate.

FIG. 10 1llustrates one embodiment of a foot-positioned
component 170 of a body temperature regulation system. In
this embodiment, component 170 includes a body interface
member 171, such as a sock-like member, and a thermal
energy transier member 173. Thermal energy transfer mem-
ber 173 does not cover all of the foot in this embodiment but
1s disposed over a portion of the sole of the foot and the back

of the ankle.
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FIG. 11 1llustrates an alternative embodiment, in which a
toot-positioned component 180 of a body temperature regu-
lation system comprises a combined, sock-like body inter-
face and thermal energy transfer member.

FIGS. 12-15 are bottom views of a sole of a foot,
illustrating various alternative embodiments of a foot-posi-
tioned component 190, 200, 210, 220 of a body temperature
regulating system. In each embodiment, foot-positioned
component 190, 200, 210, 220 includes a body interface
component 191, 201, 211, 221 and a thermal energy transfer
component 193, 203, 213, 223. As these figures 1llustrate,
any of a number of d1 erent configurations may be used in
vartous embodiments of a foot-positioned of a body tem-
perature regulating system. Specifically, various embodi-
ments may be configured to help ensure comiort and/or
facilitate a patient’s ability to walk while using the system.
For example, as 1llustrated 1n the embodiment of FIG. 12, a
bottom surface of thermal energy transfer umt 193 (or
additionally or alternatively body interface member 191)
may include tacky or gripping materials on the soles of the
feet or palms of the hand to ensure safety and function
during use.

FIGS. 16 A and 16B are bottom views of a sole of a foot,
illustrating another alternative embodiment of a foot-posi-
tioned component 230 of a body temperature regulating
system. In this embodiment, foot-positioned component 230
includes a body interface component that has multiple layers
231a, 2315H, 231c¢ and a thermal energy transier component
233. The various layers 231a, 2315, 231¢c may be made of
any suitable, conformable material, such as but not limited
to those previously listed above.

As mentioned previously, any individual component of
the system embodiments described above may be located in
a single location or combination of locations. These loca-
tions may include those on the body of mammals. As
described previously, the thermal energy transier component
may be located continuously along the extremity or in
separate locations ideal for thermal energy transier. These
may 1nclude locations where there 1s high blood flow, where
the artery or vein 1s close to the skin surface, and/or where
there 1s little interference with required clinical access.
These 1nclude, but are not limited to, the hands, feet, neck,
and major arteries and veins of the extremities including the
temoral, popliteal, saphenous, tibial, pedal, axillary, bra-
chual, cubital, radial, ulnar, cephalic, jugular, carotid arteries
and veins. Blood flow regulator components may be placed
in any single or combination of locations to regulate blood
flow of the arteries and veins described above.

Any of a number of embodiments of methods for regu-
lating body temperature may be performed, using the sys-
tems described above. These methods may be used not only
for the prevention of hyperthermia, but also for the main-
tenance of normothermia, the maintenance of therapeutic
hypothermia, the maintenance of therapeutic hyperthermia,
the recovery from hypothermia 1n both environments inter-
nal and external to the hospital, and/or recovery from
hyperthermia in both environments internal and external to
the hospital. For example, 1n one embodiment, a method
may involve positioning a thermal energy transter member
over at least part of the popliteal fossa and at least part of the
sole of the foot, positioning an intermittent compression
member or other blood flow regulation member 1n an area of
the lower limb between the two thermal energy transier
members, and providing heat and compression force to the
lower limb using the system.

Various embodiments of these methods for body tempera-
ture regulation may involve, for example: (1) Transierring
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thermal energy and/or regulating blood flow for the control
of core body temperature through the extremities, including
but not limited to the arms, legs, face, palm of the hand, sole
of the foot, neck and head; (2) Transferring thermal therapy
in conjunction with or independently of blood flow regula-
tion therapy prior to induction of anesthesia. The thermal
therapy may continue in conjunction with or independently
of blood flow regulation therapy after the induction of
anesthesia; Transferring thermal energy and/or regulating
blood flow continuously or intermittently, including random
or patterned application. (4) Transferring thermal energy
and/or regulating blood flow at varied time intervals, which
may or may not be in synchronization with one another; (6)
Transierring thermal energy preoperatively 1n order to pre-
vent hypothermia before induction of anesthesia and after
induction due to redistribution hypothermia; (7) Transfer-
ring thermal energy preoperatively as described above and
continuing thermal energy transier and/or blood flow regu-
lation 1n 1ntraoperative and/or postoperative settings; and/or
(8) Transierring thermal energy and/or regulating blood flow
for the control of core body temperature 1n order to benefit
patients with or at risk of lymphedema, deep vein throm-
bosis, peripheral artery disease, muscle conditions, or any
other suitable condition.

Although this mnvention has been described in detail, the
scope ol the mvention as set forth in the following claims
should not be limited by the foregoing descriptions of
various embodiments. Thus, 1t 1s intended that the scope of
the present mvention herein disclosed should not be limited
by the particular disclosed embodiments described above,
but should be determined only by a fair reading of the claims
that follow.

What 1s claimed 1s:
1. A method for maintaining or increasing core body
temperature of a patient, the method comprising:

placing a first body interface member comprising a {first
clectrical thermal energy transter member over a knee
on a lower limb of the patient, such that a position of
the first electrical thermal energy transier member 1s
limited to a popliteal fossa on a posterior aspect of the
knee;

placing a second body interface member comprising a
second electrical thermal energy transter member over
a foot of the lower limb, such that the second electrical
thermal energy transfer member extends over a sole on
a bottom surface of the foot of the lower limb:;

placing a third body interface member comprising at least
one intermittent compression inflatable bladder in an
intermediate location on the lower limb between the
first and second body interface members, such that the
at least one intermittent compression intlatable bladder
1s spaced apart from the first electrical thermal energy
transfer member and the second electrical thermal
energy transfer member;

delivering heat to the popliteal fossa with the first elec-
trical thermal energy transier member, the heat delivery
by the first electrical thermal energy transier member
being limited to the popliteal fossa;

delivering heat to the sole of the foot with the second
clectrical thermal energy transfer member, the heat
delivery by the second electrical thermal energy trans-
fer member being limited to the sole of the foot; and

applying intermittent compression and not heat to the
intermediate location on the limb with the at least one
intermittent compression intlatable bladder, wherein
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intermittent compression 1s applied to the lower limb
only by the at least one intermittent compression intlat-
able bladder,

wherein delivering heat to the popliteal fossa and the sole

of the foot and applying intermittent compression to the
intermediate location maintains or increases the core
body temperature of the patient.

2. The method of claim 1, wherein the heat 1s delivered to
the popliteal fossa and the sole of the foot at the same time,
and wherein the intermittent compression 1s applied to the
intermediate location at the same time that the heat is
delivered.

3. The method of claim 1, wherein the heat and compres-
sion are delivered and applied at at least two different
starting times and for at least two different lengths of time.

4. The method of claim 1, further comprising measuring,
at least one of a temperature of the patient, a temperature of
at least one of the body interface members, or an amount of
compression applied to the patient, using a measurement
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device on at least one of the first body interface member, the
second body interface member or the third body interface
member.

5. The method of claim 4, further comprising adjusting at
least one of the heat delivery or the mtermittent compres-
sion, based on the measurement.

6. The method of claim 1, wherein the first, second and
third body interface members are combined 1n one sleeve.

7. The method of claim 1, wherein the heat delivery and
compression application steps are performed during at least
one time period selected from the group consisting of before
a surgical procedure 1s performed on the patient, during
performance of the surgical procedure on the patient, and
alter performance of the surgical procedure on the patient.

8. A method as in claim 1, wherein the patient has a

condition selected from the group consisting of lym-
phedema, deep vein thrombosis, peripheral artery disease,
muscular conditions or disorders, and a heightened risk of
any of these conditions.
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